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MOVING ROBOT AND METHOD OF
CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application 1s based on and claims priority under 335
US.C. § 119 of a Korean patent application number
10-2019-0122648, filed on Oct. 2, 2019, in the Korean
Intellectual Property Ofhice, the disclosure of which 1is
incorporated by reference herein 1n 1ts entirety.

BACKGROUND
1. Field

The disclosure relates to a mobile robot and a method of

controlling the same. More particularly, the disclosure
relates to a technology for automatically generating a map of
a lawn working area by a lawn mower robot.

2. Description of the Related Art

Robots have been developed for industrial use and pro-
vided a part of factory automation. In recent years, the
application of robots has been further expanded so that
medical robots, aerospace robots, and the like have been
developed, and home care robots usable 1n general homes
are also developed. Among the robots, a robot capable of
travelling by itself 1s referred to as a mobile robot. A
representative example of the mobile robot used in the
outdoor environment of a home 1s a lawnmower robot.

A lawn mower 1s a device for trimming the lawn planted
in the yvard of a home or a playground. Such lawn mowers
are also classified into a household-purpose lawn mower
used at home and a tractor-purpose lawn mower used in
large playgrounds or large farms.

In general, a lawn mower 1s classified into a riding-type
lawn mower having a user ride thereon and mowing the lawn
while moving according to the user’s driving, a walk behind
type or hand type lawn mower that 1s manually pulled or
pushed by a user to mow the lawn, and an autonomous
driving lawn mower capable of autonomous driving as
described above.

In particular, the manual lawn mower (operated by the
user) may hassle the user directly operating the lawn mower,
and due to a complicacy of the user directly operating the
lawn mower to mow the lawn 1n the yard in modem busy
life, most people hire an outside person to mow the lawn,
which incurs employment costs.

Accordingly, there has been development of a lawn
mower capable of performing autonomous driving that
prevents the additional costs from incurring and reduces the
user’s labor, that 1s, a lawn mower robot. Various studies are
being conducted to control the mobile performance of the
lawnmower robot.

In the case of a mobile robot that autonomously travels
indoors, a movable area 1s limited by walls or furniture, but
in the case of a lawnmower robot that autonomously travels
outdoors, a movable area needs to be set in advance. In
addition, there 1s a need to limit the movable area so that the
lawnmower robot travels 1n an area where a lawn 1s planted.
Such a lawnmower robot includes a sensor for sensing a
result of autonomous driving. For example, an autonomous
driving path of a lawnmower robot may be detected using a
gyro sensor and an acceleration sensor.
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In the lawnmower robot of the related art, a wire may be
buried to set an area in which the lawnmower robot 1s
moveable, and an induced current 1s generated 1n a coil part
of the lawnmower robot, so that the lawnmower robot
detects information related to an outline of an operating area
and moves within the area set by the wire. In addition, a
beacon may be installed 1n a work area and a trajectory
generated by the user directly driving the lawnmower robot
with a joystick may be set as a work area.

The above information 1s presented as background infor-
mation only to assist with an understanding of the disclo-
sure. No determination has been made, and no assertion 1s
made, as to whether any of the above might be applicable as
prior art with regard to the disclosure.

SUMMARY

Aspects of the disclosure are to address at least the
above-mentioned problems and/or disadvantages and to
provide at least the advantages described below. Accord-
ingly, an aspect of the disclosure 1s to provide a lawnmower
robot capable of automatically generating a map of a lawn
working area using a signal received from a beacon and
position information of a boundary line of a lawn obtained
through a vision sensor.

Additional aspects will be set forth 1n part 1n the descrip-
tion which follows and, 1n part, will be apparent from the
description, or may be learned by practice of the presented
embodiments.

In accordance with an aspect of the disclosure, a mobile
robot 1s provided. The mobile robot includes one or more
tags configured to receive a signal from one or more
beacons, a vision sensor configured to distinguish and rec-
ognize a lirst area and a second area on a travelling path of
the mobile robot, and acquire position immformation of a
boundary line between the first area and the second area, and
at least one processor configured to determine position
coordinates of the mobile robot based on pre-stored position
information of the one or more beacons, determine position
coordinates of the boundary line based on the determined
position coordinates of the mobile robot and the acquired
position information of the boundary line, and generate a
map of the first area while travelling along the determined
position coordinates of the boundary line.

The one or more tags may receive signals from the one or
more beacons, which includes three or more beacons,
wherein the at least one processor 1s further configured to
determine the position coordinates of the mobile robot based
on distances between each of the three or more beacons and
the one or more tags.

The one or more tags of the mobile robot includes three
or more tags, and each of the three or more tags receives a
signal from the one or more beacons, wherein the at least one
processor 1s further configured to determine the position
coordinates of the mobile robot based on distances between
cach of the three or more tags and the one or more beacons.

The at least one processor 1s further configured to deter-
mine the position coordinates of the boundary line based on
a distance to the boundary line and an angle of the boundary
line with respect to the determined position coordinates of
the mobile robot.

The at least one processor 1s further configured to deter-
mine the position coordinates of the boundary line between
the first area and the second area acquired by the vision
sensor, based on the position coordinates of the mobile robot
that 1s changed according to travel of the mobile robot, and
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update the determined position coordinates of the boundary
line to generate the map of the first area.

The first area includes a lawn area and the second area
includes a non-lawn area, wherein the vision sensor 1s
turther configured to detect the lawn to distinguish the first
area and the second area, and acquire position mnformation
of a boundary line between the lawn area and the non-lawn
area.

The mobile robot may travel between two beacons
installed in advance, wherein 1n case the mobile robot 1s
located within a predetermined distance from the one or
more beacons, the at least one processor 1s further config-
ured to distinguish and recognize the first area and the
second area while rotating at a predetermined angle, and
acquire the position information of the boundary line while
travelling along the boundary line between the first area and
the second area.

The signal transmitted from the one or more beacons to
the one or more tags may be an ultra-wideband (UWB)
signal.

The mobile robot may further include an alert configured
to emit a warning sound regarding a travel inoperability
situation of the mobile robot, wherein the alert 1s further
configured to emit the warning sound in case an obstacle 1s
located on the travelling path of the mobile robot or 1n case
the first area and the second area are unable to be distin-
guished and recognized on the travelling path of the mobile
robot.

The mobile robot may further include a display config-
ured to display a warning message regarding a travel 1nop-
crability situation of the mobile robot, wherein the display 1s
turther configured to display the warning message in case an
obstacle 1s located on the travelling path of the mobile robot
or 1n case the first area and the second are unable to be
distinguished and recognized on the travelling path of the
mobile robot.

The mobile robot may further include a transceiver con-
figured to transmit data related to at least one of a warning
sound or a warning message regarding a travel mnoperability
situation of the mobile robot to a user terminal.

In accordance with another aspect of the disclosure, a
method of controlling a mobile robot 1s provided. The
method 1ncludes one or more tags configured to receive a
signal from one or more beacons, the method including
receiving the signal from the one or more beacons, deter-
mimng position coordinates of the mobile robot based on
pre-stored position information of the one or more beacons,
distinguishing and recognizing a first area and a second area
on a travelling path of the mobile robot, acquiring position
information of a boundary line between the first area and the
second area, determiming position coordinates of the bound-
ary line based on the determined position coordinates of the
mobile robot and the acquired position information of the
boundary line, and generating a map of the first area while
travelling along the determined position coordinates of the
boundary line.

The acquiring of the position immformation may include
receiving signals from the one or more beacons, which
includes three or more beacons, wherein the determining of
the position coordinates of the mobile robot may include
determining the position coordinates of the mobile robot
based on distances between each of the three or more
beacons and the one or more tags.

The mobile robot may include the one or more tags
including three or more tags, wherein the receiving of the
position mmformation may include recerving, by each of the
three or more tags, a signal from the one or more beacons,
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and wherein the determining of the position coordinates of
the mobile robot may include determining the position

coordinates of the mobile robot based on distances between
cach of the three or more tags and the one or more beacons.

The determining of the position coordinates of the bound-
ary line may include determining the position coordinates of
the boundary line based on a distance to the boundary line
and an angle of the boundary line with respect to the
determined position coordinates of the mobile robot.

The generating of the map of the first area may include
determining the position coordinates of the boundary line
between the first area and the second area acquired by a
vision sensor, based on the position coordinates of the
mobile robot that i1s changed according to travel of the
mobile robot, and updating the determined position coordi-
nates ol the boundary line to generate the map of the first
area.

The first area mcludes a lawn area and the second area
includes a non-lawn area, and the acquiring of the position
information of the boundary line between the first area and
the second area may include detecting a lawn to distinguish
the first area and the second area, and acquiring position
information of a boundary line between the lawn area and
the non-lawn area.

The mobile robot may travel between two beacons
installed 1n advance, wherein in case the mobile robot 1s
located within a predetermined distance from the one or
more beacons, the mobile robot may distinguish and recog-
nize the first area and the second area while rotating at a
predetermined angle, and acquire the position information of
the boundary line while travelling along the boundary line
between the first area and the second area.

The method may further include emitting a warning sound
regarding a travel imnoperability situation of the mobile robot,
and displaying a warning message regarding a travel inop-
erability situation of the mobile robot, wherein the emitting
of the warning sound may include emitting the warning
sound 1n case an obstacle 1s located on the travelling path of
the mobile robot or 1n case the first area and the second area
are unable to be distinguished and recognized on the trav-
clling path of the mobile robot, and wherein the displaying
of the warning message may include displaying the warning
message 1n case an obstacle 1s located on the travelling path
ol the mobile robot or in case the first area and the second
are unable to be distinguished and recognized on the trav-
clling path of the mobile robot.

The method may further include transmitting data related
to at least one of a warning sound or a warning message
regarding a travel mnoperability situation of the mobile robot
to a user terminal, wherein the transmitting of the data
related to the at least one of the warning sound or the
warning message may include transmitting the data related
to the at least one of the warning sound or the warning
message 1n case an obstacle 1s located on the travelling path
ol the mobile robot or in case the first area and the second
are unable to be distinguished and recognized on the trav-
clling path of the mobile robot.

Other aspects, advantages, and salient features of the
disclosure will become apparent to those skilled 1n the art
from the following detailed description, which, taken 1n
conjunction with the annexed drawings, discloses various
embodiments of the disclosure.

BRIEF DESCRIPTION OF THE

DRAWINGS

The above and other aspects, features, and advantages of
certain embodiments of the disclosure will be more apparent
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from the following description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 1s a perspective view illustrating a mobile robot
according to an embodiment of the disclosure;

FIG. 2 1s a front side elevation view of the mobile robot
shown 1n FIG. 1 according to an embodiment of the disclo-
SUre;

FIG. 3 1s a right-side elevation view of the mobile robot
shown 1n FIG. 1 according to an embodiment of the disclo-
SUre;

FIG. 4 15 a lower side elevation view of the mobile robot
shown 1n FIG. 1 according to an embodiment of the disclo-
SUre;

FIG. 5 1s a control block diagram illustrating a mobile
robot according to an embodiment of the disclosure;

FIG. 6 1s a flowchart showing a method of controlling a
mobile robot according to an embodiment of the disclosure;

FIGS. 7 and 8 are conceptual diagrams illustrating deter-
mination of position coordinates of a mobile robot according,
to an embodiment ot the disclosure:

FIG. 9 1s a diagram 1illustrating a work area of a mobile
robot according to an embodiment of the disclosure;

FIG. 10 1s a view 1llustrating determination of position
coordinates of a boundary line between a lawn area and a
non-lawn area according to an embodiment of the disclo-
SUre;

FIG. 11 1s a view 1illustrates update of the position
coordinates of the boundary line determined in FIG. 10
according to an embodiment of the disclosure;

FI1G. 12 15 a view 1llustrating rotation of the mobile robot
near a beacon according to an embodiment of the disclosure;

FIG. 13 1s a view 1illustrating determination of position
coordinates of a boundary line between a lawn area and a
non-lawn area according to an embodiment of the disclo-
Sure;

FIG. 14 1s a view illustrating update of position coordi-
nates of a boundary line on a travelling path in which a
mobile robot has moved according to an embodiment of the
disclosure:

FIG. 15 1s a view 1illustrating a map for a working area of
a mobile robot generated according to an embodiment of the
disclosure; and

FIG. 16 1s a view 1llustrating a warning message for a
driving mnoperability situation of a mobile robot displayed
on a user terminal according to an embodiment of the
disclosure.

Throughout the drawings, like reference numerals will be
understood to refer to like parts, components, and structures.

DETAILED DESCRIPTION

The following description with reference to the accom-
panying drawings 1s provided to assist in a comprehensive
understanding of various embodiments of the disclosure as
defined by the claims and their equivalents. It includes
various specific details to assist 1n that understanding but
these are to be regarded as merely exemplary. Accordingly,
those of ordinary skill 1n the art will recognize that various
changes and modifications of the various embodiments
described herein can be made without departing from the
scope and spirit of the disclosure. In addition, descriptions of
well-known functions and constructions may be omitted for
clarity and conciseness.

The terms and words used in the following description
and claims are not limited to the bibliographical meanings,
but, are merely used by the mventor to enable a clear and
consistent understanding of the disclosure. Accordingly, 1t
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should be apparent to those skilled in the art that the
tollowing description of various embodiments of the disclo-
sure 1s provided for 1llustration purpose only and not for the
purpose of limiting the disclosure as defined by the
appended claims and their equivalents.

It 1s to be understood that the singular forms “a,” “an,
and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a com-
ponent surface” includes reference to one or more of such
surtaces.

Throughout the drawings, like reference numerals refer to
like parts or components.

The terms used herein are for the purpose of describing

the embodiments and are not intended to restrict and/or to
limit the disclosure. For example, the singular expressions
herein may include plural expressions, unless the context
clearly dictates otherwise. Also, the terms “comprises™ and
“has” are intended to indicate that there are features, num-
bers, steps, operations, elements, parts, or combinations
thereof described 1n the specification, and do not exclude the
presence or addition of one or more other features, numbers,
steps, operations, elements, parts, or combinations thereof.

The terms as used throughout the specification, such as
“~part”, “~module”, “~member’, “block”, etc., may be
implemented 1n soitware and/or hardware, and a plurality of
“~parts”, “~modules”, “~members”, or “~blocks” may be
implemented i a single element, or a single “~part”,
“~module”, “~member”, or “~block™ may include a plural-
ity of elements. It will be further understood that the term
“connect” or its derivatives refer both to direct and indirect
connection, and the indirect connection includes a connec-
tion over a wireless communication network.

It will be understood that, although the terms first, second,
ctc. may be used herein to describe various components,
these components should not be limited by these terms.
These terms are only used to distinguish one component
from another. For example, without departing from the
scope of the disclosure, the first component may be referred
to as a second component, and similarly, the second com-
ponent may also be referred to as a first component. The
term “and/or” includes any combination of a plurality of
related 1tems or any one of a plurality of related 1tems.

The terms “front”, “upper”, “lower”, “left”, “right”, and
the like as herein used are defined with respect to the
drawings, but the terms may not restrict the shape and
position of the respective components.

The terms referring to directions such as “front (F)/rear
(R)lett (Le)rnight (Ri)/up (U)Ydown D)’ are defined as
indicated 1n the drawings. This 1s for making the description
of the disclosure clear, and 1t should be understood that each
direction may be defined differently depending on where the
reference 1s placed.

Hereinaflter, a mobile robot and a control method thereof
will be described 1n detail with reference to the accompa-
nying drawings according to embodiments described below.
In the drawings, the same reference numerals denote the
same components, and a description of which overlap each
other 1n the embodiments 1s omitted.

FIG. 1 1s a perspective view 1llustrating a mobile robot
according to an embodiment of the disclosure. FIG. 2 1s a
front side elevation view of the mobile robot shown 1n FIG.
1 according to an embodiment of the disclosure. FIG. 3 1s a
right side elevation view of the mobile robot shown 1n FIG.
1 according to an embodiment of the disclosure. FIG. 4 1s a
lower side elevation view of the mobile robot shown 1n FIG.

1 according to an embodiment of the disclosure. FIG. 5 1s a
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control block diagram 1llustrating a mobile robot according
to an embodiment of the disclosure.

The mobile robot 100 according to the disclosed embodi-
ment may correspond to any robot capable of autonomous
driving. However, 1n the following embodiments, the mobile 5
robot 100 will be described using a lawn mower robot as an
example.

Referring to FIGS. 1 to 4, the mobile robot 100 includes
a body 110 forming the external appearance. The body 110
forms an inner space. 10

The body 110 includes a first opeming and closing part 117
for opening and closing a portion 1n which a height adjust-
ment part 166 and a height display part 167 are disposed.
The first opening and closing part 117 1s hinged to a case 112
s0 as to enable an opening operation and a closing operation. 15
The first opening and closing part 117 1s disposed on an
upper side of the case 112.

The body 110 includes a second opening and closing part
118 for opening and closing a portion 1 which a display
module 1654 and an input 164 are disposed. The second 20
opening and closing part 118 1s hinged to the case 112 so as
to enable an opening operation and a closing operation. The
second opening and closing part 118 1s disposed on the upper
side of the case 112. The second opening and closing part
118 15 disposed behind the first opening and closing part 117. 25
The second opening and closing part 118 1s formed 1n a plate
shape, and covers the display module 165q and the input 164
in a closed state.

The body 110 includes a handle 113. The handle 113 may
be disposed on a rear side of the case 112. The body 110 30
includes a battery inlet 114 for inserting or withdrawing a
battery Bt therethrough. The battery ilet 114 may be
disposed on a lower side of a frame 111. The battery inlet
114 may be disposed on a rear side of the frame 111.

The body 110 includes a power switch 115 for turning on 35
and off the power of the mobile robot 100. The power switch
115 may be disposed on the lower side of the frame 111.

The body 110 includes a blade protector 116 that covers
a lower side of a central portion of a blade 140. The blade
protector 116 1s provided to cover the central portion of the 40
blade 140 while exposing a portion of the blade 140 1n the
centrifugal direction.

The body 110 includes a bumper 1125 disposed at a front
side thereof. The bumper 1125 performs a function of
absorbing an impact upon contact with an obstacle at an 45
outside. The bumper 1126 1s provided at a front portion
thereol with a bumper groove 112/ which i1s recessed
rearward while being elongated in the left and right direc-
tion. A plurality of the bumper grooves 1122 may be
disposed to be spaced apart 1n the vertical direction. A lower 50
end of a protruding rib 111ba 1s disposed at a position lower
than a lower end of an auxihiary rnib 11155.

The bumper 1125 1s formed by connecting the front side
to the left and right sides thereof. The front side 1s connected
to the left and right sides of the bumper 11256 1in a rounded 55
shape.

The body 110 may include a bumper auxiliary part 112¢
disposed to surround the outer surface of the bumper 1125.
The bumper auxiliary part 112¢ surrounds a lower portion of
the front side of the bumper 1125 and lower portions of the 60
left and right sides of the bumper 1125. The bumper auxil-
1ary part 112¢ may cover lower half portions of the front side
and the left and right sides of the bumper 1125.

The front end of the bumper auxiliary part 112¢ 1s
disposed 1n front of the front end of the bumper 1125. The 65
bumper auxiliary part 112¢ forms a surface protruding from
the surface of the bumper 1125. The bumper auxiliary part
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112¢ may be formed of a material beneficial for shock
absorbing, such as rubber. The bumper auxihary part 112¢
may be formed of a flexible material.

The mobile robot 100 includes a driving wheel module
120 that moves the body 110 with respect to the ground (a
travelling surface). The driving wheel module 120 includes
a first wheel 120q and a second wheel 1205 provided on the
lett side and the right side, respectively, to be independently
rotatable. The mobile robot 100 includes a driving motor
module 130 that provides rotational force to the driving
wheel module 120. The drive motor module 130 includes a
first motor 130q that provides rotational force of the first
wheel 120a and a second motor 1305 that provides rota-
tional force of the second wheel 12056. The first motor 130a
1s disposed on the left side of the second motor 1305. The
mobile robot 100 includes the blade 140 rotatably provided
to mow the lawn. The mobile robot 100 includes a blade
motor that provides rotational force of the blade 140. The
mobile robot 100 1ncludes a battery Bt that supplies power
to the driving motor module 130. The battery Bt may supply
power to the blade motor.

The mobile robot 100 1ncludes a sensor 170 disposed 1n
the 1nner space of the body 110. The sensor 170 1ncludes a
gyro sensing function and a magnetic field sensing function.
The sensor 170 may further include an acceleration sensing
function.

The mobile robot 100 1includes an obstacle detector 161
that detects an obstacle 1n front of the mobile robot 100. A
plurality of the obstacle detectors 161a, 1615, and 161¢c may
be provided. The obstacle detector 161 1s disposed on the
front surface of the body 110. The obstacle detector 161 1s
disposed above the frame 111.

The mobile robot 100 may include a rain detector (not
shown) that detects rain. The rain detector may be disposed
on the case 112. The lane detector may be disposed above
the frame 111.

The mobile robot 100 includes a remote signal receiver
101 that receives an external remote signal. When a remote
signal 1s transmitted by an external remote controller, the
remote signal receiver 101 may receive the remote signal.
For example, the remote signal may be an infrared signal.
The signal received by the remote signal receiver 101 may
be processed by the controller 163 (at least one processor).

A plurality of the remote signal receivers 101 may be
provided. The plurality of remote signal receivers 101
include a first remote signal receiver 101a disposed on the
front side of the body 110 and a second remote signal
receiver 1015 disposed on the rear side of the body 110. The
first remote signal receiver 101a receives a remote signal
transmitted from the frontside. The second remote signal
receiver 1015 receives a remote signal transmitted from the
rear side.

The mobile robot 100 includes an auxiliary wheel 162
disposed 1n front of the first wheel 120a and the second
wheel 12056. The auxiliary wheel 162 may be disposed in
front of the blade 140. The auxiliary wheel 162 1s a wheel
that does not receive a drniving force from a motor, and
serves to support the body 110 1n an auxiliary manner with
respect to the ground. Casters supporting a rotational axis of
the auxiliary wheel 162 are coupled to the frame 111 so as
to be rotatable about a vertical axis. A first auxiliary wheel
162a disposed on the left side and a second auxiliary wheel
16256 disposed on the right side may be provided.

The mobile robot 100 1s provided to change the height of
the blade 140 relative to the ground, so that the height for
lawn mowing may be changed. The mobile robot 100
includes the height adjustment part 166 for a user to change
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the height of the blade 140. The height adjustment part 166
includes a rotatable dial, and may change the height of the

blade 140 based on the dial being rotated.

The mobile robot 100 includes the height display part 167
that displays the level of the height of the blade 140. When
the height of the blade 140 1s changed according to a
manipulation of the height adjustment part 166, the height
level displayed by the height display part 167 1s accordingly
changed. For example, the height display part 167 may
display an expected height value of the lawn expected after
the mobile robot 100 mows the lawn at the current height of
the blade 140.

The mobile robot 100 1ncludes a global positioning sys-
tem (GPS) board 168 provided to detect a GPS signal. The

GPS board 168 may be a printed circuit board (PCB).

The mobile robot 100 includes a docking insertion part
169 connected to a docking device when docked onto the
docking device (not shown). The docking insertion part 169
1s provided to be recessed so that a docking connection part
(not shown) of the docking device 1s inserted into the
docking insertion part 169. The docking insertion part 169 is
disposed on the front side of the body 110. By the connection
of the docking 1nsertion part 169 and the docking connection
part, an accurate position may be guided at a time of
charging the mobile robot 100.

The mobile robot 100 may 1nclude a charging correspond-
ing terminal 102 disposed at a position at which the charging
corresponding terminal 102 contacts a charging terminal
(not shown) with the docking insertion part 169 inserted 1nto
the docking connection part. The charging corresponding
terminal 102 may include a pair of charging corresponding
terminals 102a and 10256 disposed at positions correspond-
ing to a pair of charging terminals. The pair of charging
corresponding terminals 102q¢ and 1026 may be disposed
horizontally side by side with the docking insertion part 169
interposed therebetween.

A terminal cover (not shown) may be provided to cover
the docking insertion part 169 and the pair of charging
terminals so as to be openable and closeable. When the
mobile robot 100 1s traveling, the terminal cover may cover
the docking insertion part 169 and the pair of charging
terminals. When the mobile robot 100 1s connected to the
docking device, the terminal cover may be opened to expose
the docking insertion part 169 and the pair of charging
terminals.

Referring to FIG. 5, the mobile robot 100 according to the
embodiment may include a controller 163 collectively con-
trolling the operation of the mobile robot 100, an 1nput 164
receiving a control command related to the mobile robot 100
from a user, an output 165 outputting information related to
the operation of the mobile robot 100, a tag 175 recerving a
signal from a beacon 300 installed outside, a vision sensor
177 acquiring 1mage mformation on a traveling path of the
mobile robot 100, a communicator 180 (e.g., a transceiver)
communicating with an external device, such as a user
terminal 200, and a memory 190 storing information related
to the operation of the mobile robot 100.

The mobile robot 100 may include the controller 163 that
controls autonomous driving. The controller 163 collec-
tively controls the operation of the mobile robot 100. In
addition, the controller 163 may process a signal from the
obstacle detector 161 and may process a signal from the GPS
board 168. The controller 163 may process a signal from the
iput 164.

The controller 163 may control driving of the first motor
130a and the second motor 1305. The controller 163 may
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control driving of the blade motor. The controller 163 may
control the output of the output 165.

The controller 163 includes a main board 163 disposed 1n
the inner space of the body 110. The main board 163 refers
to a printed circuit board (PCB).

The mobile robot 100 may include the input 164 capable
of mputting various instructions from a user. The input 164
may 1nclude a button, a dial, a touch display, or the like. The
input 164 may include a microphone (not shown) for speech
recognition. In this embodiment, a plurality of buttons are
disposed on the upper side of the case 112.

The mobile robot 100 may include the output 165 that
outputs various pieces ol information related to the opera-
tion of the mobile robot 100 to a user. The output 165 may
include a display module 165a that outputs visual informa-
tion. The output 165 may include an alert 16556 that outputs
auditory iformation.

As will be described below, the display module 1654 and
the alert 16556 may display a warning message or emit a
warning sound about a travel incapability situation of the
mobile robot 100.

In one embodiment, the display module 1654 outputs an
image 1n an upward direction. The display module 1634 1s
disposed on the upper side of the case 112. For example, the
display module 165¢ may include a thin film transistor
liguid crystal display (TFT-LCD) panel. In addition, the
display module 165¢ may be implemented using various
display panels, such as a plasma display panel or an organic
light emitting diode display panel.

The mobile robot 100 may include the tag 175 that
receives a signal from the beacon 300 installed outside. The
signal of the beacon 300 received by the tag 175 may be an
ultra-wideband (UWB) signal, and the signal transmitted
from the beacon 300 to the tag 175 may include position
information of the beacon 300.

The position and number of the tags 175 provided 1n the
mobile robot 100 are not limited, and the tag 175 may be
implemented as a device including at least one of a Near
Field Communication (NFC) module and a Radio Fre-
quency Identification (RFID) reader, capable of receiving or
reading signals i a short distance.

The mobile robot 100 may include the vision sensor 177
that acquires 1image nformation about a travelling path of
the mobile robot 100. As will be described below, the vision
sensor 177 may distinguish and recognize a lawn area and a
non-lawn area on the traveling path of the mobile robot 100,
and obtain position mformation of a boundary line between
the lawn area and the non-lawn area.

The vision sensor 177 may acquire surrounding image
information by capturing an image of the surroundings of
the mobile robot 100 on the travelling path of the mobile
robot 100. In addition, the vision sensor 177 may obtain
position information of a path or area on which the mobile
robot 100 1s traveling.

The wvision sensor 177 may include an RGB camera
capable of detecting a shape or color of an object according
to an embodiment. In addition, the vision sensor 177 may be
an RGB-D camera capable of detecting a shape, color, and
distance of an object according to an embodiment.

The mobile robot 100 may include the communicator 180
for communicating with an external device (a terminal, etc.),
a server, and a router. The communicator may be varied
according to a communication method of another device or
server desired to communicate with the mobile robot 100.

The communicator 180 may be implemented using a
communication chip, an antenna, and related components to
access at least one of a wired communication network or a
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wireless communication network. That 1s, the communicator
180 may be implemented as various types of communication
modules capable of short-range communication or long-
range communication with the user terminal 200.

The memory 190 may store a control program and control
data for controlling the mobile robot 100, or store a control
command nput through the mput 164, position coordinate
information of the mobile robot 100 determined based on
position information of the beacon 300, position coordinate
information of the boundary line of the lawn area obtained
by the vision sensor 177 during travel of the mobile robot

100.

In addition, the memory 190 may store position informa-
tion of the beacon 300 installed outside. That 1s, the user
may input information about the position coordinates of the
beacon 300 installed 1n a moving area of the mobile robot
100 1nto the mobile robot 100 through the input 164, and the

input position coordinate data may be stored 1n the memory
190.

The position coordinates of the beacon 300 stored 1n the
memory 190 may be determined according to an arbitrary
reference poimnt, and among a plurality of beacons, the
position coordinates of other beacons may be determined
based on the position coordinates of a reference beacon.

In addition, the memory 190 includes a volatile memory
(not shown), such as Static Random Access Memory
(S-RAM) and a Dynamic Random Access Memory

(D-RAM), and a Non-volatile memory (not shown), such as
flash memory, Read Only Memory (ROM), an Erasable

Programmable Read Only Memory (EPROM), an Electri-
cally Erasable Programmable Read Only Memory (EE-
PROM), and the like.

The nonvolatile memory may operate as an auxiliary
memory device ol the volatile memory, and may store a
control program and control data for controlling the opera-
tion of the mobile robot 100. In addition, the nonvolatile
memory may retain the stored data even when the power of
the mobile robot 100 1s cut off, and the volatile memory may
temporarily store the control program and control data
loaded from the nonvolatile memory, or temporarily store
the control command 1nput through the input 164. Unlike the
nonvolatile memory, the volatile memory may lose stored
data when power of the mobile robot 100 1s cut off.

FIG. 6 1s a flowchart showing a method of controlling a
mobile robot according to an embodiment of the disclosure.
FIGS. 7 and 8 are conceptual diagrams 1llustrating determi-
nation of position coordinates of a mobile robot according to
various embodiments of the disclosure. FIG. 9 1s a diagram
illustrating a work area of a mobile robot according to an
embodiment of the disclosure. FIG. 10 1s a view 1llustrating
determination of position coordinates of a boundary line
between a lawn area and a non-lawn area according to an
embodiment of the disclosure. FIG. 11 1s a view illustrates
update of the position coordinates of the boundary line
determined in FIG. 10 according to an embodiment of the
disclosure. FIG. 12 1s a view illustrating rotation of the
mobile robot near a beacon according to an embodiment of
the disclosure. FIG. 13 1s a view 1llustrating determination of
position coordinates of a boundary line between a lawn area
and a non-lawn area according to an embodiment of the
disclosure. FIG. 14 1s a view illustrating update of position
coordinates of a boundary line on a travelling path in which
a mobile robot has moved according to an embodiment of
the disclosure. FIG. 15 1s a view 1illustrating a map for a
working area of a mobile robot generated according to an
embodiment of the disclosure.

10

15

20

25

30

35

40

45

50

55

60

65

12

Retferring to FIG. 6, the tag 175 provided on the mobile
robot 100 may receive a signal from the beacon 300 installed
outside (operation 1000). As described above, the signal
transmitted from the beacon 300 to the tag 175 may include
position mmformation of the beacon 300, but 1n general, the
tag 175 may only receive an identification signal related to
the position of the beacon 300 from the beacon 300.

The beacon 300 may be provided at an arbitrary position
in a space where the mobile robot 100 moves, and when the
tag 175 receives signals from three or more beacons 300, the
mobile robot 100 may identily the current position thereof
through the position information of the beacon 300 pre-
stored 1n the memory 190.

In addition, the mobile robot 100 may identify the current
position thereof using the principle of GPS through the
position information of the beacons 300 transmitted from the
three or more beacons 300 to the tag 175.

In addition, a method of the mobile robot 100 determining
the n position thereof may be implemented by installing a
plurality of ultrasonic wave portions on a charging part of
the mobile robot 100 and calculating the arrival time of
ultrasonic signals oscillated from the charging part based on
RF signals emitted from the mobile robot 100 at a prede-
termined time 1nterval to detect the distance and angle of the
charging part with respect to the mobile robot 100.

When receiving a signal from the beacon 300, the con-
troller 163 may determine the position coordinates of the
mobile robot 100 based on the position information of the
beacon 300 pre-stored 1n the memory 190 (operation 1010).

That 1s, as described above, the position coordinates of the
beacon 300 are input from the user and stored in the memory
190, and the controller 163 uses the information stored 1n the
memory 190 to determine the position coordinates of the
mobile robot 100.

Referring to FIG. 7, a first beacon 300a, a second beacon
3005, and a third beacon 300c may be provided at arbitrary
positions 1n a space 1 which the mobile robot 100 moves,
and the controller 163 may determine the position coordi-
nates of the mobile robot 100 through triangulation between
each of the first beacon 300a, the second beacon 30054, and
the third beacon 300c¢ and the tag 175 provided on the
mobile robot 100.

In the embodiment of FIG. 7, one tag 175 1s provided on
the mobile robot 100 and three or more beacons 300 are
installed.

The memory 190 of the mobile robot 100 stores data on
the position coordinates of the first to third beacons 300q to
300c¢, and the tag 175 may respectively receive signals from
the first to third beacons 300a to 300c.

As shown 1 FIG. 7, when the tag 175 provided on the
mobile robot 100 has position coordinates (X, v), and the first
beacon 300a has position coordinates (a, b), the second
beacon 3005 has position coordinates (c, d), and the third
beacon 300c has position coordinates (e, 1), and the dis-
tances between each of the first beacon 300q, the second
beacon 3005, and the third beacon 300¢ and the mobile robot
100 are denoted as rl, r2 and r3, respectively, the position
coordinates (X, v) of the tag 175 provided on the mobile
robot 100 may be determined according to Equations 1 to 3.
The position coordinates of the tag 175 correspond to the
position coordinates of the mobile robot 100.

(x—a)’+(y-b)>=r1” Equation 1
(x—CY+(y—d)*=r2° Equation 2
(x—e)+(y—fy°=r3> Equation 3
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In this case, the method of determining the distances rl to
r3 between each of the first beacon 300a to the third beacon
300¢ and the tag 175 includes transmitting, by the beacon
300, a UWB pulse having a specific strength (voltage) to the
tag 175 of the mobile robot 100, and recerving, by the tag
175, a shightly distorted signal of the UWB pulse after a
certain time T has elapsed. In this case, the tag 175 and the
beacon 300 have a synchronized timer, and when the tag 175
transmits a UWB signal at a predetermined time, and the
beacon 300 recerves the signal when a time T passes aifter the
predetermined time, the controller 163 may calculate the
distance between the tag 175 and the beacon 300 by mul-
tiplying the time T by the speed of the radio wave (300,000
km/s).

In addition, the controller 163 may determine the dis-
tances rl to r3 between each of the first beacon 300q to the
third beacon 300¢, and the mobile robot 100 based on the
strength of the signal received by the tag 175 from each of
the first beacon 3004, the second beacon 3004, and the third
beacon 300c.

Signals used to determine the position between the beacon
300 and the mobile robot 100 may include signals such as
infrared and Radio Frequency (RF) in addition to the UWB
signal, but are not limited thereto.

Referring to FIG. 8, unlike 1n FIG. 7, one beacon 300 1s
provided at an arbitrary position where the mobile robot 100
moves, and the controller 163 may determine position
coordinates of the mobile robot 100 through triangulation
between the beacon 300 and each of a first tag 175a, a
second tag 1755, and a third tag 175¢ provided on the mobile
robot 100.

In the embodiment of FIG. 8, three or more tags 175 are
provided on the mobile robot 100, and one beacon 300 1s
installed.

The memory 190 of the mobile robot 100 stores data on
the position coordinates of the beacon 300, and each of the
first tag 175a to the third tag 175¢ may receive a signal from
the beacon 300.

As shown 1n FIG. 8, when the first tag 175a provided on
the mobile robot 100 has position coordinates (x1, y1), the
second tag 1755 has position coordinates (x2, y2), and the
third tag 175c¢ has position coordinates (x3, y3), the beacon
300 has position coordmnates (m, n), and the distances
between each of the first tag 1754 to the third tag 175¢ and
the beacon 300 are denoted as rl, r2, and r3, and the position
coordinates of the first tag 175a to the third tag 175c¢
provided on the mobile robot 100 may be determined

according to Equations 4 to 6 and the positional relationship
between the first tag 175a to third tag 175c¢.

(x1-m)Y*+(y1-n)*=rl1"> Equation 4
(x2-m)°+(y2-n)*=r2° Equation 5
(x3-m)°+(y3-n)*=r3? Equation 6

In this case, the method of determining the distances rl to
r3 between each of the first tag 175a to the third tag 175¢ and
the beacon 300 1s the same as the method described above.

Upon determining the position coordinates of the mobile
robot 100, the controller 163 may determine whether the
mobile robot 100 1s capable of travelling at the current
position (operation 1020). That 1s, the mobile robot 100 may
travel based on the beacon 300 provided 1n a work area, as

shown 1n FIG. 9.

When the first beacon 300qa to the third beacon 300c¢ are
provided 1n the work area, the mobile robot 100 may set a
boundary of the work area while travelling along a first
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travelling path W1 from the first beacon 300a to the second
beacon 3005. In addition, the mobile robot 100 may set a
boundary of the work area while travelling along a second
travelling path W2 from the second beacon 300ba to the
third beacon 300c. Similarly, the mobile robot 100 may set
a boundary of the work area while travelling along a third
travelling path W3 from the third beacon 300c¢ to the first
beacon 300aq.

In the disclosed embodiment, it 1s assumed that the
working area of the mobile robot 100 1s a lawn area. That 1s,
referring to FIG. 9, a lawn area for the mobile robot 100 to
perform a task may be defined as a first area S1, and an area
excluding the lawn area may be defined as a second area S2.

With the mobile robot 100 and the control method thereof
according to the disclosed embodiment, the mobile robot
100 may generate a map for the first area S1, that 1s, the lawn
area, while travelling along the boundary between the first
area S1 and the second area S2.

The vision sensor 177 distinguishes and recognizes the
first area S1 and the second area S2 on the traveling path of
the mobile robot 100 (operation 1030) and obtains position
information of a boundary line between the first area S1 and
the second area S2 (operation 1040).

As 1llustrated in FIG. 10, the vision sensor 177 may
acquire surrounding image information by photographing
the surroundings of the mobile robot 100 on the travelling
path of the mobile robot 100. The vision sensor 177 may
distinguish and recognize the lawn area and the non-lawn
area, and obtain position information of a boundary line
between the lawn area and the non-lawn area.

The vision sensor 177 detects the shape or color of the
lawn based on the data stored in the memory 190 to
distinguish the first area S1, which 1s a lawn area, and the
second area S2, which 1s a non-lawn area.

The controller 163 may determine the position coordi-
nates of the boundary line based on the position coordinates
of the mobile robot 100 and the position information of the
boundary line acquired by the vision sensor 177 (operation
1050).

Retferring to FIG. 10, when the mobile robot 100 1s
determined to have position coordinates x1, y1 according to
the method of Equations 1 to 3 at the current position of the
mobile robot 100), the controller 163 may determine the
position coordinates of the boundary line as coordinates (xa,
ya) based on the distance and angle of the boundary line
between the first area S1 and the second area S2 with respect
to the mobile robot 100, which are obtained by the vision
sensor 177.

That 1s, when the distance of the boundary line between
the first area S1 and the second area S2 1s rl and the angle
of the boundary line 1s 0, with respect to the position
coordinates (x1, y1) of the mobile robot 100, the position
coordinates of the boundary line may be determined as
coordinates (xa, ya) according to Equation 7 and Equation 8.

x_,=x,-r, sin 0" Equation 7

V,=y+¥ cos 0 Equation 8

Referring to FIG. 11, the controller 163 determines the
position coordinates of the boundary line between the first
area S1 and the second area S2 on the travelling path of the
mobile robot 100, and map the determined position coordi-
nates of the boundary line, thereby generating a map of the
first area S1 up to the position coordinates of the boundary
line.

In addition, when the mobile robot 100 travels, the
position coordinates of the mobile robot 100 are changed,
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and the position coordinates of the boundary line between
the first area S1 and the second area S2 acquired by the
vision sensor 177 are also changed to (xb, yb) or (xc, yc).
That 1s, the controller 163 may determine the position
coordinates of the boundary line between the first area S1
and the second area S2 acquired by the vision sensor 177 1n
real time, on the basis of the position coordinates of the
mobile robot 100 that are changed 1n real time as the mobile
robot 100 travels, and may update the determined position
coordinates of the boundary line (operation 1060), thereby
generating the map of the first area S (operation 1070).
Referring to FIG. 12, as described above, the mobile robot
100 may travel between two beacons 300 installed 1n
advance, and when located within a predetermined distance
from the beacon 300, distinguish and recognize the first area
S1 and the second area S2 while rotating at a predetermined
angle, and acquire the position information of the boundary
line between the first area S1 and the second area S2 while

travelling along the boundary line between the first area S1
and the second area S2.

That 1s, when the mobile robot 100 travels along the first
travelling path W1 from the first beacon 300a to reach the
second beacon 3005, a straight travelling path passing
through the second beacon 3005 does not exist further, and
thus the mobile robot 100 needs to set a travelling path
toward the third beacon 300c¢. That 1s, when the mobile robot
100 approaches the second beacon 30056 to enter an area
within a certain distance of the second beacon 30054, the
mobile robot 100 may rotate 1n the vicinity of the second
beacon 3006 and search the surroundings.

In this case, the mobile robot 100, while rotating at a
predetermined angle in the vicinmity of the second beacon
3005, may search for a travelling path 1n which the mobile
robot 100 1s able to travel as shown in FIG. 12, and may
distinguish and recognize the first area S1 and the second
area S2 through image information acquired by the vision
sensor 177.

Referring to FIG. 13, the mobile robot 100, while trav-
clling from the second beacon 3005 to the third beacon 300c¢
along the second travelling path W2, may distinguish and
recognize the lawn area and the non-lawn area by the vision
sensor 177, and acquire position information of a boundary
line between the lawn area and the non-lawn area.

The controller 163 may determine the position coordi-
nates of the boundary line between the first area S1 and the
second area S2, based on the position coordinates of the
mobile robot 100 and the position information of the bound-
ary line between the first area S1 and the second area S2
obtained by the vision sensor 177 (operation 1050).

Referring to FIG. 13, when the mobile robot 100 travel-
ling on the second travelling path W2 has position coordi-
nates (x2, y2) at the current position, the controller 163 may
determine position coordinates of the boundary line between
the first area S1 and the second area S2 as coordinates (xd,
yd), based on the distance and angle of the boundary line
between the first area S1 and the second area S2 with respect
to the mobile robot 100, which are obtained by the vision
sensor 177.

That 1s, when the distance of the boundary line between
the first area S and the second area S2 with respect to the
position coordinates (x2, y2) of the mobile robot 100 1s 12,
and the angle of the boundary line with respect to the
position coordinates (x2, y2) of the mobile robot 100 15 0,,
the position coordinates of the boundary line may be deter-
mined as coordinates (xd, yd) according to Equations 9 and

10.
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X, =X,—F5 s 05 Equation 9

vV =V>+75 cos 0, Equation 10

In addition, as shown 1n FIG. 13, when an obstacle ob 1s
located on the traveling path of the mobile robot 100, the
vision sensor 177 distinguishes and recognizes a lawn area
and an obstacle ob area, and obtain position mnformation of
a boundary line between the lawn area and the obstacle ob
area.

In the same manner as described above, the controller 163
may determine the position coordinates of the boundary line
between the lawn area and the obstacle ob area, based on
position coordinates of the mobile robot 100 and position
information of the boundary line between the lawn area and
the obstacle ob area acquired by the vision sensor (operation
1050).

Referring to FIG. 14, the controller 163 may determine
the position coordinates of boundary lines between the first
area S1, the second area S2, and the obstacle ob are on the
second travelling path W2 of the mobile robot 100, and map
the determined position coordinates, thereby generating a
map of the first area S1 up to the position coordinates of each
boundary line.

In addition, the controller 163 may determine the position
coordinates of the boundary lines between the first area S1,
the second area S2, and the obstacle ob area acquired by the
vision sensor 177 1n real time, on the basis of the position
coordinates of the mobile robot 100 that are changed 1n real
time as the mobile robot 100 travels, and update the deter-
mined position coordinates of the boundary lines (operation
1060), thereby generating the map of the first area S1, that
1s, the lawn area (operation 1070).

Referring to FIG. 15, it 1s a view 1llustrating the map for
the working area of the mobile robot 100 generated accord-
ing to the embodiment. That 1s, the mobile robot 100, while
travelling from the first beacon 300a through the second
beacon 3006 and the third beacon 300¢ along the position
coordinates of the boundary line and returning to the first
beacon 300a, may update boundary information between the
lawn area and the non-lawn area and generate a map for the
lawn area, based on the control method of the mobile robot
100 described with reference to FIGS. 6 to 14.

On the other hand, referring to FIGS. 6 and 16, upon
determination that the mobile robot 1s 1in a travel incapability
situation, the controller 163 may emit a warning sound
regarding the travel incapability situation through the alert
1656 or display a warning message regarding the travel
incapability situation through the display module 165q
(1080).

That 1s, the controller 163, 1n a case 1n which an obstacle
1s located on the travelling path of the mobile robot 100 and
thus further travelling 1s not performable, or a lawn area and
a non-lawn area 1s not distinguishable and recognizable on
the travelling path of the mobile robot 100 due to external
factors, may control the alert 1655 to emit a warning sound.

The alert 1656 may be implemented 1n the form of a
speaker that outputs a speech or an acoustic signal, and may
output a warning message regarding a travelling incapability
situation of the mobile robot 100 as a predetermined acous-
tic signal, such as a speech or a warning sound.

Similarly, the controller 163, 1n a case 1 which an
obstacle 1s located on the travelling path of the mobile robot
100 and thus further travelling 1s not performable, or a lawn
area and a non-lawn area 1s not distinguishable and recog-
nizable on the travelling path of the mobile robot 100 due to
external factors, may control the display module 165a to
display a warning message.
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The user may identify that the mobile robot 100 1s
currently in a travelling incapabaility situation or i1s unable to
recognize the work area through a message displayed on the
display module 165a of the mobile robot 100.

In addition, the controller 163 may control the commu-
nicator 180 to transmit to the user terminal 200 data related
to at least one of a warning sound or a warning message
indicating that an obstacle 1s located on the travelling path
of the mobile robot 100 and thus further travelling 1s not
performable, or that a lawn area and a non-lawn area 1s not
distinguishable and recognizable on the travelling path of
the mobile robot 100 due to external factors (1090).

The communicator 180 may communicate with the user
terminal 200 capable of communicating with the mobile
robot 100. The user terminal 200 may be implemented in
various types as long as 1t can communicate with the mobile
robot 100, for example, a smartphone, a person computer
(PC), a tablet PC, and a mobile robot dedicated device

provided to control the mobile robot 100 or check a state of
the mobile robot 100.

The communicator 180 may be implemented using a
communication chip, an antenna, and related components to
access at least one of a wired communication network and
a wireless communication network. That 1s, the communi-
cator 180 may be implemented as various types of commu-
nication modules capable of short-range communication or
long-range communication with the user terminal 200.

Based on the data received from the mobile robot 100
through the communicator 180, the user terminal 200 may
output a predetermined acoustic signal, such as a speech or
a warning sound, regarding occurrence of a constraint, such
as a travelling mncapability situation of the mobile robot 100.

FIG. 16 1s a view 1llustrating a warning message for a
driving inoperability situation of a mobile robot displayed
on a user terminal according to an embodiment of the
disclosure.

Referring to FIG. 16, the user terminal 200 may display
a warning message regarding a case 1n which an obstacle 1s
located on the travelling path of the mobile robot 100 and
thus further travelling 1s not performable, or a lawn area and

a non-lawn area 1s not distinguishable and recognizable on
the travelling path of the mobile robot 100 due to external
factors.

The user may identify that the mobile robot 100 1s
currently in a travelling inoperability situation or 1s unable
to recognize the work area through the message displayed on
the user terminal 200.

As described above, with the mobile robot and the control
method thereol according to the embodiment of the dis-
closed, a lawnmower robot automatically generates a map of
the lawn work area using a signal recerved from the beacon
300 and boundary position imnformation of the lawn obtained
through the vision sensor 177, so that the accuracy of
generating the map of the lawn work area 1s increased and
the user convenience 1s improved. In addition, since the map
of the lawn working area 1s accurately generated, the amount
of mowing work and the required time for mowing work
may be accurately calculated, and the amount of battery
required to perform the work of the lawnmower robot may
be accurately predicted

Meanwhile, the disclosed embodiments may be embodied
in the form of a recording medium storing instructions
executable by a computer. The instructions may be stored 1n
the form of program code and, when executed by a proces-
sor, may generate a program module to perform the opera-
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tions of the disclosed embodiments. The recording medium
may be embodied as a computer-readable recording
medium.

The computer-readable recording medium includes all
kinds of recording media 1n which instructions which may
be decoded by a computer are stored, for example, a Read
Only Memory (ROM), a Random-Access Memory (RAM),
a magnetic tape, a magnetic disk, a flash memory, an optical
data storage device, and the like.

As 1s apparent from the above, the lawnmower robot
automatically generates a map of a lawn working area using
a signal received from a beacon and position information of
a boundary line of a lawn obtained through a vision sensor,
so that the accuracy 1n generating a map of a lawn working,
arca may be increased, and the user convenience may be
improved. In addition, the amount of mowing work and the
required time for mowing work may be accurately calcu-
lated, and the amount of battery required to perform the
work of the lawnmower robot may accurately predicted.

While the disclosure has been shown and described with
reference to various embodiments thereof, it will be under-
stood by those skilled 1n the art that various changes in form
and details may be made therein without departing from the
spirit and scope of the disclosure as defined by the appended
claims and their equivalents.

What 1s claimed 1s:

1. A mobile robot comprising:

one or more tags configured to receive a signal from one

or more beacons;

a vision sensor configured to:

distinguish and recognize a first area and a second area
on a travelling path of the mobile robot, and

acquire position mnformation of a boundary line
between the first area and the second area; and

at least one processor configured to:

determine position coordinates of the mobile robot
based on pre-stored position information of the one
or more beacons,

determine position coordinates of the boundary line
based on the determined position coordinates of the
mobile robot and the acquired position mnformation
of the boundary line, and

generate a map of the first area while travelling along
the determined position coordinates of the boundary
line,

wherein the at least one processor 1s further configured to

determine the position coordinates of the boundary line
based on a distance to the boundary line and an angle
of the boundary line with respect to the determined
position coordinates of the mobile robot.

2. The mobile robot of claim 1,

wherein the one or more tags 1s further configured to

receive signals from the one or more beacons, which
includes three or more beacons, and

wherein the at least one processor 1s further configured to

determine the position coordinates of the mobile robot
based on distances between each of the three or more
beacons and the one or more tags.

3. The mobile robot of claim 1,

wherein the one or more tags comprises three or more

tags,

wherein each of the three or more tags receives the signal

from the one or more beacons, and

wherein the at least one processor 1s further configured to

determine the position coordinates of the mobile robot
based on distances between each of the three or more
tags and the one or more beacons.
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4. The mobile robot of claim 1, wherein the at least one
processor 1s further configured to:

determine the position coordinates of the boundary line

between the first area and the second area acquired by
the vision sensor, based on the position coordinates of
the mobile robot that 1s changed according to travel of
the mobile robot, and

update the determined position coordinates of the bound-

ary line to generate the map of the first area.

5. The mobile robot of claim 1,

wherein the first area includes a lawn area,

wherein the second area includes a non-lawn area, and
wherein the vision sensor 1s further configured to:

detect a lawn to distinguish the first area and the second

area, and

acquire position information of a boundary line

between the lawn area and the non-lawn area.

6. The mobile robot of claim 1,

wherein the one or more beacons comprise at least two

beacons,

wherein the mobile robot travels between the two beacons

installed 1n advance, and

wherein 1 case the mobile robot 1s located within a

predetermined distance from the one or more beacons,

the at least one processor 1s further configured to:

distinguish and recognize the first area and the second
areca while rotating at a predetermined angle, and

acquire the position mformation of the boundary line
while travelling along the boundary line between the
first area and the second area.

7. The mobile robot of claim 1, wherein the signal
transmitted from the one or more beacons to the one or more
tags comprises an ultra-wideband (UWB) signal.

8. The mobile robot of claim 1, further comprising:

an alert configured to emit a warning sound regarding a

travel moperability situation of the mobile robot,
wherein the alert 1s further configured to emait the warning
sound 1n case an obstacle 1s located on the travelling
path of the mobile robot or in case the first area and the
second area are unable to be distinguished and recog-
nized on the travelling path of the mobile robot.
9. The mobile robot of claim 1, further comprising:
a display configured to display a warning message regard-
ing a travel 1inoperability situation of the mobile robot,
wherein the display 1s configured to display the warning
message 1n case an obstacle 1s located on the travelling
path of the mobile robot or in case the first area and the
second area are unable to be distinguished and recog-
nized on the travelling path of the mobile robot.

10. The mobile robot of claim 1, further comprising:

a transceiver configured to transmit data related to at least

one of a warning sound or a warning message regarding

a travel moperability situation of the mobile robot to a
user terminal.

11. A method of controlling a mobile robot including one
or more tags configured to receive a signal from one or more
beacons, the method comprising:

receiving the signal from the one or more beacons;

determining position coordinates of the mobile robot

based on pre-stored position information of the one or
more beacons;

distinguishing and recognizing a first area and a second

area on a travelling path of the mobile robot;
acquiring position information of a boundary line between
the first area and the second area;
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determiming position coordinates of the boundary line
based on the determined position coordinates of the
mobile robot and the acquired position information of
the boundary line; and

generating a map of the first area while travelling along
the determined position coordinates of the boundary
line,

wherein the determining of the position coordinates of the
boundary line includes determining the position coor-
dinates of the boundary line based on a distance to the
boundary line and an angle of the boundary line with
respect to the determined position coordinates of the

mobile robot.
12. The method of claim 11,

wherein the acquiring of the position information includes
receiving the signals from the one or more beacons,
which includes three or more beacons, and
wherein the determiming of the position coordinates of the
mobile robot includes determining the position coordi-
nates of the mobile robot based on distances between
cach of the three or more beacons and the one or more
tags.
13. The method of claim 11,
wherein the mobile robot includes the one or more tags
including three or more tags,
wherein the receiving of the position information includes
receiving, by each of the three or more tags, the signals
from the one or more beacons, and
wherein the determiming of the position coordinates of the
mobile robot includes determining the position coordi-
nates of the mobile robot based on distances between
cach of the three or more tags and the one or more
beacons.
14. The method of claim 11, wherein the generating of the
map of the first area mcludes:
determining the position coordinates of the boundary line
between the first area and the second area acquired by
a vision sensor, based on the position coordinates of the
mobile robot that 1s changed according to travel of the
mobile robot, and
updating the determined position coordinates of the
boundary line to generate the map of the first area.
15. The method of claim 11,
herein the first area includes a lawn area,
herein the second area includes a non-lawn area, and
herein the acquiring of the position mnformation of the
boundary line between the first area and the second area
includes:
detecting a lawn to distinguish the first area and the
second area, and
acquiring position mformation of a boundary line
between the lawn area and the non-lawn area.
16. The method of claim 11,
wherein the one or more beacons comprise at least two
beacons,
wherein the mobile robot travels between the two beacons
installed 1n advance, and
wherein 1n case the mobile robot 1s located within a
predetermined distance from the one or more beacons,
the method further comprises:
distinguishing and recognizing the first arca and the
second area while rotating at a predetermined angle,
and
acquiring the position information of the boundary line
while travelling along the boundary line between the
first area and the second area.
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17. The method of claim 11, further comprising:

emitting a warning sound regarding a travel inoperability
situation of the mobile robot; and

displaying a warning message regarding a travel moper-
ability situation of the mobile robot, 5

wherein the emitting of the warning sound includes
emitting the warning sound in case an obstacle 1is
located on the travelling path of the mobile robot or 1n
case the first area and the second area are unable to be
distinguished and recognized on the travelling path of 10
the mobile robot, and

wherein the displaying of the warning message includes
displaying the warning message in case an obstacle 1s
located on the travelling path of the mobile robot or 1n
case the first area and the second area are unable to be 15
distinguished and recognized on the travelling path of
the mobile robot.

18. The method of claim 11, further comprising:

transmitting data related to at least one of a warning sound
or a warning message regarding a travel moperability 20
situation of the mobile robot to a user terminal,

wherein the transmitting of the data related to the at least
one ol the warming sound or the warnming message
includes:

transmitting the data related to the at least one of the 25
warning sound or the warning message in case an
obstacle 1s located on the travelling path of the mobile
robot or 1n case the first area and the second area are
unable to be distinguished and recognized on the trav-
clling path of the mobile robot. 30

% x *H % o



	Front Page
	Drawings
	Specification
	Claims

